Evaluation of acrylate-based block copolymers prepared by atom transfer radical polymerization as matrices for paclitaxel delivery from coronary stents.
Acrylate-based block copolymers, synthesized by atom transfer radical polymerization (ATRP) processes, were evaluated as drug delivery matrices for the controlled release of paclitaxel from coronary stents. The polymers were multiblock copolymers consisting of poly(butyl acrylate) or poly(lauryl acrylate) soft blocks and hard blocks composed of poly(methyl methacrylate), poly(isobornyl acrylate), or poly(styrene) homo- or copolymers. Depending on the ratio of hard to soft blocks in the copolymers, coating formulations were produced that possessed variable elastomeric properties, resulting in stent coatings that maintained their integrity when assessed by scanning electron microscopy (SEM) imaging of overexpanded stents. In vitro paclitaxel release kinetics from coronary stents coated with these copolymers typically showed an early burst followed by sustained release behavior, which permitted the elution of the majority of the paclitaxel over a 10-day time period. It was determined that neither the nature of the polyacrylate (n-butyl or lauryl) nor that of the hard block appeared to affect the release kinetics of paclitaxel at a loading of 25% drug by weight, whereas some effects were observed at lower drug loading levels. Differential scanning calorimetry (DSC) analysis indicated that the paclitaxel was at least partially miscible with the poly(n-butyl acrylate) phase of those block copolymers. The copolymers were also evaluated for sterilization stability by exposing both the copolymer alone and copolymer/paclitaxel coated stents to e-beam radiation at doses of 1-3 times the nominal dose used for medical device sterilization (25 kGy). It was found that the copolymers containing blocks bearing quaternary carbons within the polymer backbone were less stable to the radiation and showed a decrease in molecular weight as determined by gel-permeation chromatography. Conversely, those without quaternary carbons showed no significant change in molecular weight when exposed to 3 times the standard radiation dose. There was no significant change in drug release profile from any of the acrylate-based copolymers after exposure to 75 kGy of e-beam radiation, and this was attributed to the inherent radiation stability of the poly(n-butyl acrylate) center block.